ABSTRACT -This experiment was conducted to evaluate the growth performance and carcass characteristics of gilts from 25 to 100 kg body weight (BW) fed diets with increased net energy (NE) levels. Seventy-two gilts with initial BW of 23.24±2.47 kg were allotted to one of six dietary treatments (2300, 2380, 2460, 2540, 2620, and 2700 kcal NE kg −1 ) using a completely randomized block design, with two pigs per replicate, and six replicates per treatment. Corn-soybean meal-based diets were formulated to be fed in three phases (25 to 50, 50 to 70, and 70 to 100 kg BW). Soybean oil was added to replace the inert ingredient kaolin to meet the NE level of each diet. Increasing dietary NE decreased the average daily feed intake (ADFI) and improved the feed:gain ratio (F:G) and standardized ileal digestible (SID) lysine:gain ratio in all the phases evaluated. In the second phase, average daily gain increased with increasing dietary NE level, although SID lysine intake decreased. At the end of the first phase, increasing dietary NE increased backfat and decreased lean percentage. In the last phase, lean percentage linearly decreased as dietary NE increased. Increasing dietary NE for gilts from 25 to 100 kg BW decreases ADFI and improves F:G. However, as dietary NE increases, lean percentage decreases without affecting growth performance.
Introduction
To optimize pork production, nutritionists aim to meet the nutrient requirements of pigs while keeping costs as low as possible. In swine diets, energy is the most expensive nutritional component. If dietary energy is increased, attention has to be given to nutrient density, especially to amino acids (AA), since, as higher energy density may reduce daily feed intake (Smith et al., 1999; De la Llata et al., 2001; Gonçalves et al., 2015) , dietary amino acid supply can be limited.
The net energy (NE) system takes into account the energy expenditure of metabolizable energy (ME) in metabolic processes and the energy lost as heat (Kil et al., 2013a) . Therefore, formulating diets using NE values meets nutrient requirements of pigs more precisely (Noblet and van Milgen, 2004; Wu et al., 2007) than ME or digestible energy (DE) values.
Previous research evaluating dietary energy density for pigs focused only on short body weight (BW) ranges, such as 20 to 50 kg (Yi et al., 2010) , 35 to 80 kg (Kim et al., 2013) , 60 to 95 kg (Rezende et al., 2006) , 70 to 90 kg (Moura et al., 2011a,b) , 70 to 100 kg (Gonçalves et al., 2015) , and 100 to 125 kg . Even studies that evaluated dietary energy effects during the growing and finishing phases did not use the same energy levels throughout the study; energy concentrations were adjusted from one phase to the next (Kerr et al., 2003; Wu et al., 2007) .
This study was conducted to investigate the effects of feeding pigs different fixed dietary energy concentrations and the advantages of the NE system over long periods of time; the study evaluated growth performance and carcass characteristics of gilts from 25 to 100 kg BW fed diets with different fixed dietary NE levels.
Material and Methods
Research on animals was conducted according to the institutional committee on animal use (UFMS 552/2013). The study was conducted in Terenos, Mato Grosso do Sul, Brazil (20°26'49" S, 54°50'37" W). Gilts were housed in a curtain-sided barn with a solid concrete floor and ceramic roof. Each pen (1.15 × 2.86 m) was equipped with a single hole, dry self-feeder, and a nipple drinker for ad libitum access to feed and water. There was a gutter (1.15 × 0.30 × 0.10 m) crossing the bottom of the pens that was emptied and filled with fresh water once a day. All the animals received a single dose of vermifuge and antimicrobial mixed with the feed at the beginning of the experiment.
A total of seventy-two gilts (Large White/Landrace × Duroc/Pietrain), with average initial BW of 23.24±2.47 kg, were used in a 90-day trial. Gilts were blocked by BW and randomly assigned to one of six dietary treatments with two gilts per pen and six pens per treatment using a completely randomized block design. Pen was considered the experimental unit. Dietary treatments included six dietary NE levels (2300, 2380, 2460, 2540, 2620 , and 2700 kcal kg −1 ). Experimental corn-soybean-based diets (Table 1) were offered in meal form and formulated to be given in three phases (25 to 50, 50 to 70, and 70 to 100 kg BW), according to the nutritional requirements for gilts recommended in the Brazilian Tables for Poultry and Swine (Rostagno et al., 2011) except for the NE levels, which, in this study, were three NE levels under and three NE levels above the recommended dietary NE of 2500 kcal kg −1 . For each phase, a basal diet was formulated with 2300 kcal kg −1 NE and then, to increase the dietary NE level by 80 kcal kg −1 (the difference between each sequential treatment), 10.86 kg of soybean oil were added, to replace the inert ingredient (kaolin), per ton of diet.
Diets were supplemented with dicalcium phosphate, limestone, salt, vitamin trace mineral premix, and synthetic AA. Apart from soybean oil and kaolin, the content of all other ingredients was similar in each dietary phase.
Pigs were weighed individually at the beginning and end of each phase to determine BW and average daily gain (ADG). Feed disappearance was recorded daily to determine ADFI. Feed:gain ratio (F:G) was calculated based on total feed intake divided by total gain within each phase. Net energy intake and standardized ileal digestible lysine (SID Lys) intake were determined by multiplying the total feed intake by the NE or SID Lys calculated content of the diets and divided by the number of days for each phase. Net energy:gain ratio (NE:G) and SID Lys:gain ratio (SID Lys:G) were determined by dividing the total NE intake, or total SID Lys intake, by the gain in each phase.
At the end of each phase, in vivo ultrasonography (Aloka SSD-500 Micrus Ultrasound, Aloka Co. Ltd, Wellingtongford, CT) measurements of loin muscle area (LMA), backfat (BF), and loin depth (LD) were taken between the last thoracic and first lumbar vertebrae. Images from the ultrasonography were analyzed using the LINCE ® program (M&S Consultoria Agropecuária Ltda.).
Lean percentage was determined using the equation: lean (%) = 60 -(BF × 0.58) + (muscle depth × 0.10), as described in Bridi and Silva (2007) . Total lean was calculated by multiplying percentage lean by hot carcass weight (HCW).
Data were analyzed as a completely randomized block design using PROC GLM in SAS (Statistical Analysis System, University version). An analysis of variance was used first, followed by linear and quadratic regression analysis to evaluate dietary NE level effects. Significance was set at P<0.05.
Results
All pigs remained healthy throughout the experiment. No quadratic effects were observed (P>0.05) for any of the variables evaluated.
In the first phase (from 25 to 50 kg BW), there were no effects (P>0. NE intake, or daily SID Lys intake ( BW -body weight; ADG -daily average gain; ADFI -average daily feed intake; F:G -feed to gain ratio; NE:G -net energy to gain ratio; SID Lys:G -standardized ileal digestible lysine to gain ratio; SEM -standard error of the mean. carcass characteristics. However, SID Lys intake decreased linearly (P<0.05), and SID Lys:G improved linearly (P<0.05) when the NE level of the diets was increased.
In the last phase (70 to 100 kg BW), there were no effects (P<0.05) of diet on final BW, ADG, ADFI, or daily SID Lys intake. Increasing dietary NE improved F:G linearly (P<0.05). As observed in the second phase, daily NE intake and NE:G were similar (P>0.05) among dietary treatments, and SID Lys:G was linearly improved (P<0.05) as dietary NE increased.
Overall, from 25 to 100 kg BW, there was no effect (P>0.05) of diet on ADG. However, ADFI decreased linearly (P<0.05), and F:G improved linearly (P<0.05), as dietary NE increased. Daily NE intake was similar (P>0.05), and daily SID Lys intake decreased linearly (P<0.05) with increasing dietary NE; this resulted in no difference (P>0.05) in NE:G, but in a linear improvement (P<0.05) in SID Lys:G.
At the end of the study, as dietary NE increased, a linear reduction (P<0.05) in lean percentage was observed. There were no effects (P>0.05) of diet on BF, LD, LMA, total lean, or HCW.
Discussion
Average daily gain in this study was 0.105, 0.035, and 0.073 kg lower than ADG predicted in Rostagno et al. (2011) for phases 1, 2, and 3, respectively. The major difference was observed in phase 1 and it is likely because of the lighter initial BW in this experiment (23.2 vs 30.0 kg). Although there were no effects of diets on ADG, ADFI reduced linearly. Comparing ADFI of gilts of this experiment to ADFI of animals in Rostagno et al. (2011) , gilts fed the three lowest NE diets had greater ADFI, which confirms that dietary energy density drives feed intake.
Growing-finishing pigs fed ad libitum are known for their capacity to adjust daily feed intake to maintain a constant daily energy intake over a wide range of dietary energy concentrations (Cole et al. 1967; Ellis and Augspurger, 2001; Quiniou and Noblet, 2012) . A decrease in dietary energy concentration has been shown to increase ADFI (Quiniou and Noblet, 2012; Nitikanchana et al., 2015) . However, lighter pigs have a limited digestive tract capacity that might restrict young pigs from achieving their energy requirements. Therefore, a low gut-fill capacity was likely the reason why gilts fed the lowest NE levels had a poorer NE intake, despite the increase in ADFI in the first phase. Our results agree with those of Wu et al. (2007) , who reported an increase in NE intake from 23 to 60 kg BW, but no difference in NE intake from 60 to 98 kg BW. Finishing pigs usually have similar energy intakes when fed diets with different energy levels (Smith et al., 1999; Wu et al., 2007; Gonçalves et al., 2015) .
The use of NE values to formulate diets for pigs has the advantage of counting the energy lost as heat, without overestimating feed energy values, mainly fiber-rich ingredients (Noblet et al., 1994; Noblet and van Milgen, 2004) . Thus, the evaluation of dietary NE effects on feed intake is critical, because the amount of digestible nutrients consumed in the feed will drive growth performance. Smith et al. (1999) evaluated dietary ME levels from 3310 to 3570 kcal kg −1 for gilts from 30 to 70 kg BW and observed an increase in ADG, a decrease in ADFI, and an improvement in F:G; however, Lys:calorie was maintained at constant levels in the diets used in their study. Kerr et al. (2003) fed growing-finishing gilts increased dietary NE levels and observed an improvement only in F:G and ADG. These authors justified that the lack of dietary NE effects on ADFI was due to the small difference between NE levels.
Increasing dietary NE from 2410 to 2570 kcal kg −1 in diets for pigs from 30 to 90 kg BW had no effect on ADFI, ADG, or F:G in the growing phase (30 to 60 kg), but decreased ADFI and improved F:G ratio in the finishing period (60 to 90 kg) (Paiano et al., 2008) . In the last phase, the results of the present study agree with those of Gonçalves et al. (2015) , who reported no effects of dietary NE from 2300 to 2800 kcal kg −1 on ADG or daily NE intake of finishing pigs (70 to 100 kg BW). In the present study, as ADFI decreased, SID Lys intake decreased as well due to the use of isoproteic diets. The absence of a dietary NE effect on NE intake in the second and third phases (50 to 100 kg BW) is consistent with other studies (Wu et al., 2007; Quiniou and Noblet, 2012; Kil et al., 2013b) and confirms that pigs control their ADFI to meet their energy requirements.
Despite the reduction in SID Lys intake, there was no negative effect on ADG in the present study. According to Adeola and Orban (1995) , using soybean oil can reduce the speed of digestion and increase the duration of digestion and absorption of nutrients. Adding lipid sources to diets also improves the energy digestibility (Kil et al., 2011) , because the digestibility of lipid sources is greater than that of intact lipids inside ingredients (Kil et al., 2010) . Moreover, adding soybean oil to diets for growing-finishing pigs increases NE of the diets (Kil et al. 2013b) , because NE of soybean oil is greater than that of corn and soybean meal (Rostagno et al., 2011) .
The presence of lipids in diets also increases the digestibility of AA (Cervantes-Pahm and Stein, 2008) . The improvement in SID Lys:G observed in this study is an indicator that an increase in dietary energy concentration, without increasing dietary AA, does not impair growth performance and improves F:G. However, some researchers reported an increase in weight gain by maintaining a constant Lys:calorie ratio when they evaluated different energy densities, mainly in the growing phase (Smith et al., 1999; Kerr et al., 2003) .
In the first phase, the worst NE:G was an effect of a tendency for increased NE intake as dietary NE increased without changes in ADG. Since there was no effect of diet on LMA in this phase, the excess energy consumed was stored in the adipose tissue, increasing BF. Cerisuelo et al. (2012) increased the energy density of diets offered to pigs from 60 to 100 kg BW with a constant Lys:calorie and reported improved energy:G and increased LD.
Although the observed increase in NE intake was not statistically significant, it was numerically higher in the first phase and may explain the thicker BF of the pigs fed high dietary NE levels. The lack of dietary NE effects on most carcass characteristics in the second and third phases may be explained by the similar NE intake among treatments in these phases. Moura et al. (2011a) reported an increase in BF of finishing gilts when dietary NE was raised from 2300 to 2668 kcal kg −1 , and Kil et al. (2011) reported an increase in lipid gain, without changes in protein gain, in growing pigs with increasing lipid in their diets, but there was no effect in the finishing phase. The decreased lean percentage in the last phase was likely due to the reduction in SID Lys intake, once lysine function is related to carcass protein deposition.
Conclusions
Increasing dietary net energy in the diets of 25 to 100 kg gilts, from 2300 to 2700 kcal kg −1 , reduces average daily feed intake and improves feed to gain ratio. However, as dietary net energy increases, lean percentage decreases without affecting growth performance.
